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Ventilator-associated pneumonia (VAP) is a leading 
cause of morbidity and mortality among hospitalized 
patients. VAP develops in 10–20% of mechanically 

ventilated patients, with those acquiring VAP experiencing 
greater attributable mortality and longer lengths of stay in inten-
sive care units (ICUs) (Keith et al. 2004; Safdar et al. 2005; US 
Centers for Disease Control and Prevention 2005).

The Calgary Health Region (CHR) provides healthcare 
services to 1.2 million residents in Southern Alberta and 

tertiary services for 1.3 million residents of Alberta and British 
Columbia. The Department of Critical Care Medicine has three 
adult multi-system ICUs, admitting over 3,000 patients per year 
to 38 ICU beds. In recent years, our infection control–based 
VAP surveillance system discovered a significant incidence of 
VAP in our regional ICUs. From 1998 to 2002, CHR’s rate 
of VAP was 19 cases per 1,000 ventilator-days. Paralleling 
published observations from other centres, patients acquiring 
VAP in the CHR had significantly longer ICU stays, contrib-
uting to suboptimal resource use. Accordingly, the department 
elected to focus on the prevention of VAP. 

This focus began in 2002 in conjunction with our partici-
pation in the Institute for Healthcare Improvement’s Project 
Impact, with a focus on the ventilator bundle. Joining the 
Canadian Collaborative on Improving Patient Care and Safety 
in the ICU (www.improvementassociates.com) in 2004 allowed 
us to further benefit from the sharing of practice and experience 
by introducing additional change concepts including the VAP 
bundle.

This “ideas at work” case study is unique in that it provides 
a Canadian context, makes use of a modified bundle focused 
exclusively on measures linked to the prevention of VAP and 
exemplifies strategies for VAP prevention as applied across a 
health region rather than an individual hospital. 
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Abstract
This article describes the experiences of a Canadian 
multidisciplinary critical care team striving to reduce 
the incidence of ventilator-associated pneumonia (VAP). 
Several interventions, including a VAP bundle, were used 
and applied across a health region. Our regional VAP rate 
has seen a steady decline over the past 12 months and 
has been largely under our goal of 9.8 cases per 1,000 
ventilator-days. The team’s success in lowering VAP has 
provided the momentum for sustained improvement, 
which has spread to other areas. 
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Definition and VAP Surveillance
The definition of VAP varies among healthcare institutions, 
surveillance bodies and published guidelines. The Canadian 
ICU Collaborative and the Canadian Safer Healthcare Now! 
Campaign (http://www.saferhealthcarenow.ca) define VAP as 
“a pneumonia occurring in patients requiring a device intermit-
tently or continuously to assist respiration through a tracheos-
tomy or endotracheal tube. Further, the device must have been 
in place within the 48-hour period before onset of infection 
and for at least two consecutive days” (Safer Healthcare Now! 
Campaign 2007). The surveillance definition of pneumonia 
itself is based on the combination of new radiographic densities 
and supportive clinical signs (Safer Healthcare Now! Campaign 
2007). The number of cases of VAP is usually referenced to the 
number of ventilator-days to yield a rate. The best approach 
for obtaining supportive microbiological data for VAP remains 
controversial, with recent randomized trials demonstrating 
equivalency in important clinical outcomes with invasive and 
non-invasive approaches (Canadian Critical Care Trials Group 
2006). Although a diagnosis of VAP is commonly associated 

with the growth of a pathogen, this is not always the case 
(Lambotte et al. 2002). Accordingly, most contemporary defini-
tions of VAP do not depend on adjuvant microbiological data. 

CHR uses a similar definition of VAP that further classifies 
cases of VAP based on the strength of any additional micro-
biological data (Figure 1) to better understand patterns of 
diagnosis over time. Though surveillance definitions for VAP 
clearly contribute to a more objective diagnosis, ultimately 
there remain significant subjective components to the diagnosis, 
including the interpretation of chest radiographic and clinical 
data in patients who frequently have multiple nidi of inflamma-
tion. Critical to surveillance as it applies to quality improvement 
is internal consistency in definition and classification so that 
performance can be reliably compared over time without the 
bias of changing definitions. 

Surveillance for VAP is accomplished by infection control 
practitioners (ICPs) conducting standardized surveillance in the 
three multidisciplinary ICUs. The surveillance system is illus-
trated in Figure 2. Case finding is accomplished using micro-
biology-based triggers via daily automated downloads from 

Figure 1. Classification of ventilator-associated pneumonia
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Calgary Laboratory Services that indicate whenever a respiratory 
specimen of any kind has been received on a patient from one 
of the ICUs. Given that our routine practice does not include 
the performance of any surveillance respiratory cultures, the 
assumption with this kind of case finding is that the perform-
ance of a respiratory culture indicates some clinical suspicion 
for respiratory infection. Secondary triggers for case finding 
include verbal or written reports of a suspected VAP from the 
ICU medical staff.

Using an electronic bedside charting system, Quantitative 
Sentinel, the ICPs determine if the patient initially meets the 
case definition for VAP, that is, the patient has been in the ICU 
and mechanically ventilated continuously for at least 48 hours 
and has at least one clinical sign of an infection, such as altered 
temperature, white blood cell count or sputum (see Figure 1). 
The ICP then marks in the Quantitative Sentinel system that a 
VAP is suspected; this triggers the creation of a chart in a web-
based VAP surveillance system, which forms part of our critical 
care data warehouse and reporting system.

The VAP surveillance system, through interfaces with various 
other databases, collates in a single record chest radiographic, 
microbiology (sputum, bronchoscopy and blood specimens), 
demographical, clinical and antibiotic data. Automatically 
populated fields facilitate the review from any network computer 
and decrease data-entry errors. ICPs review in a single record the 
above data and decide if the case definition is met. Ambiguous 
cases undergo review by a multidisciplinary group.

The key advantages of this system are (1) efficiency – given 
that all relevant data are collated into a single record; (2) accuracy 
– given that the system helps to ensure that data are complete 

and builds in some error checking; and (3) the ability to easily 
create and share real-time reports and graphs. The web-based 
application has reduced the amount of time ICPs dedicate to 
VAP surveillance by minimizing the time spent on chart review, 
contributing to a more sustainable system over the long term.

Quality Improvement Initiatives and VAP Background
There have been numerous articles published describing quality 
improvement methodologies associated with decreasing the 
rate of VAP (American Health Consultants 2003; Berriel-
Cass et al. 2006; Cocanour et al. 2006; Fox 2006; Goeschel 
et al. 2006; Keith et al. 2004; Misset et al. 2004; Murray and 
Goodyear-Bruch 2007; Resar et al. 2005; Simmons-Trau et al. 
2004; Youngquist et al. 2007). All of these studies have been 
conducted in the United States and illustrate that by imple-
menting a quality improvement program, including use of a 
ventilator bundle and education strategies, VAP rates decrease 
substantially. 

The traditional ventilator bundle, as popularized by the 
Institute for Healthcare Improvement, consists of (1) elevation 
of the head of the bed to 30–45 degrees, (2) daily “sedation 
vacation” and daily assessment of readiness to extubate, (3) 
peptic ulcer disease prophylaxis and (4) deep venous thrombosis 
prophylaxis (unless contraindicated) (Institute for Healthcare 
Improvement 2006). The Canadian Safer Healthcare Now! 
Campaign in 2005 advocated for a modified prevention 
bundle via the inclusion of two additional practices that were 
alluded to in the clinical practice guidelines for the prevention 
of  VAP published by the Canadian Critical Care Society and 
the Canadian Critical Care Trials Group (Dodek et al. 2004): 

(1) elevation of the head of the bed to 30–
45 degrees, (2) daily sedation vacation and 
daily assessment of readiness to extubate, (3) 
preferential use of oral versus nasal tubes for 
access to the trachea or stomach and (4) use 
of EVAC tubes for the drainage of subglottic 
secretions. Though prophylaxis against peptic 
ulcer disease and deep venous thrombosis are 
desirable practices in mechanically ventilated 
patients, they are not directly related to VAP 
prevention (Safer Healthcare Now! Campaign 
2007).

Team Formation and Objectives
A regional multidisciplinary team was created 
to work on VAP prevention in conjunction 
with the Canadian ICU Collaborative in May 
2004. Its membership included intensiv-
ists, registered nurses, respiratory therapists, 
infection prevention and control practitio-
ners, physiotherapists, a respiratory therapy 

Figure 2. VAP surveillance system
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CLS = Calgary lab services; DB = Database; DI = Diagnostic imaging; PACS = Picture archiving and 
communications system; Qs = Quantitative Sentinel system; SCM = Sunrise clinical manager; VAP 
= ventilator-associated pneumonia.
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manager, an intensivist 
with infectious disease 
training, an information 
technology manager and a 
quality improvement and 
patient safety leader. An 
intensivist and a respira-
tory therapy clinical devel-
opment leader co-chaired 
the team. Membership was 
distributed across the three 
ICUs.

The overall aim was to 
reduce the impact of VAP 
in all multi-system ICUs 
within the CHR; specifi-
cally, within one year, to 
reduce the incidence of 
VAP across all units by 25% 
and to ensure that >90% of 
ventilated patients have all 
four components of the 
VAP bundle applied (where 
appropriate).

Interventions and 
Change Concepts
The  Depa r tment  o f 
Critical Care Medicine first 
focused on the prevention 
of VAP in early 1998 with 
a systematic review of the 
literature and the establish-
ment of new and modifi-
cation of existing policies, 
procedures and guide-
lines related to various 
aspects for care of the 
ventilated patient in ICU. 
In November 2002, the 
ventilator bundle was initi-
ated based on an involve-
ment with the Institute for 
Healthcare Improvement’s 
Project Impact. 

In September 2004, the 
VAP committee instituted a 
new VAP bundle to replace 
the ventilator bundle. The 
new bundle included head-
of-the-bed elevation >30 

Table 1. Change concepts and ideas tested and implemented by regional and site-based teams

Change Concept* Ideas Tested, Implemented, Spread

Develop operational definitions •  Standard and consistent Calgary Health Region definition for VAP 
developed, adapted from those of CDC

Use proper measurements • Tracking of VAP through sustainable surveillance database
•  VAP bundle compliance tracked through monthly audits done on 10% of 

ventilated patients at each site

Apply best science • VAP bundle components tested and implemented
• Audit additional components: PUD, DVT, hand hygiene, oral care 
•  EVAC tube use and function and readiness for extubation assessed on 

daily rounds
• Hallway huddles focusing on HOB and patient positioning
•  Online quizzes, VAP discussions at site quality committee meetings, 

“safety snippets” posted on departmental website

Use checklists • Use of VAP bundle audit sheets

Create a culture of collaboration 
and teamwork

• Establish multidisciplinary teams
• Engaged RRT to share responsibility of VAP bundle audits

Standardize care •  Implementation of sedation scoring system and practice guideline for 
sedation

•  Implementation of a weaning protocol including daily spontaneous 
breathing trials

Establish reliable processes • Charting of HOB position in the clinical record q1h by nursing
• RRTs documenting HOB q2h and reporting HOB on daily rounds
• Charting frequency of oral care
•  When audits are conducted, families are told what is being done to 

prevent VAP

Design systems to avoid mistakes • Signs for HOB >30 degrees
•  HOB alarm on all new total care and sport beds 

Give people access to information •  VAP rates and bundle compliance posted on website, in department 
newsletter and on bulletin boards

•  VAP project reviewed at Quality and Safety Council and site quality 
committees

• Communication of the cost of a VAP
• Review a VAP case at meeting
• Reported on VAP project and outcomes to the regional board
• Regional newspaper articles
• Posters on HOB and hand hygiene in family room

Develop alliances, co-operative 
relations

•  Regional implementation of EVAC tubes (critical care, emergency, code 
carts, ambulance and air rescue organizations)

•  Co-operation with OR for postoperative ICU patients to have EVAC tubes 
inserted selectively

•  Change to minimum pressure rather than volume technique for EVAC 
tube cuffs

• Linkage with Cardiac Sciences to spread VAP bundle to CVICU

Reassess current paradigms 
– change target or set points

• Poster on VAP-free days at one site 
• Downward adjustment of goal once it has been reached by another 25%

 CDC = US Centers for Disease Control and Prevention; CVICU = Cardiovascular Intensive Care Unit; DVT = deep venous thrombosis; HOB = head of the 

bed (elevation); ICU = Intensive Care Unit; OR = operating room; PUD = peptic ulcer disease; RRT = rapid response team; RT = respiratory therapist; VAP = 

ventilator-associated pneumonia. 

*Data from Couves and Harris (2007).
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degrees, daily assessment for spontaneous breathing trial, prefer-
ential use of an oral gastric tube, preferential use of an endotra-
cheal tube (ETT) – which allows for continuous aspiration of 
subglottic secretions (CASS) – and use of the Riker sedation 
scale. The revised bundle was introduced because it was felt 
that the new care practices were more directly related to the 
prevention of VAP; also, our department was influenced by its 
involvement in the Canadian ICU Collaborative. 

One of the most significant and widespread 
changes that the team spearheaded was the 
region-wide introduction of EVAC tubes … if the 
region were to prevent just one case of VAP, this 
cost savings would cover the entire cost for the 
change to EVAC tubes.

One of the most signifi-
cant and widespread changes 
that the team spearheaded 
was the region-wide intro-
duction of ETTs that allow 
for CASS (or EVAC ETTs). 
In October 2004, all areas in 
all three adult sites in Calgary, 
except for the operating room, 
converted to exclusive use of 
EVAC ETTs. The business 
case for this change was based 
on the premise that if the 
region were to prevent just one 
case of VAP, this cost savings 
would cover the entire cost for 
the change to EVAC tubes. 
(In CHR, the acquisition of 
VAP increases ICU length 
of stay by about 10 days. At 
approximately $3,000 per 
ICU-day, this added “cost” to 
the system is roughly $30,000 
for a single case of VAP. The 
yearly additive cost to change 
over to EVAC ETTs was 
approximately $16,000 per 
year [based on yearly utiliza-
tion data provided by our 
purchasing and supply depart-
ment given that the EVAC 
ETT costs about three times 
that of a standard ETT].) To 
gain support from the various 
stakeholders (ICU, emergency 
department,  anesthes ia , 
purchas ing and supply 
management etc.), committee 
members met with key clinical, 
medical and administrative 
leaders in each area. Within 
the following year, this initia-

Figure 3. Incidence of VAP* and compliance with VAP bundle† over time
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NG = nasogastric; OG = orogastric; VAP = ventilator-associated pneumonia.
*VAP cases/1,000 ventilator-days.
†Percentage of audits compliant with all four bundle components.

Figure 4. Incidence of VAP* over time by admitting medical category† 
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VAP = ventilator-associated pneumonia.
*VAP cases/1,000 ventilator-days.
†Medical category is assigned on admission to the Intensive Care Unit based on the diagnosis most responsible for 
the admission.
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tive was also spread to our ground ambulance system in Calgary 
and to the air rescue system in Southern Alberta. 

In November 2005, the assessment of the use of the Riker 
sedation scale was removed from the bundle audit form as it 
was felt that compliance with this assessment alone did not 
directly relate to the potential for developing VAP. Rather, the 
department developed and instituted a sedation protocol and a 
sedation vacation procedure to be used in conjunction with the 
assessment for readiness to extubate. 

Other initiatives implemented but not directly related to the 
VAP bundle included those on hand hygiene and the implemen-
tation of appropriate equipment cleaning guidelines. Though 
hand hygiene may be less formally evidence based, it is consid-
ered a core quality improvement initiative within our region 
and department for which ongoing measurement, feedback and 
action are undertaken.

The team tested, implemented and is continuing to work on 
numerous interventions, change concepts and ideas using the 
improvement model and plan-do-study-act cycles (Langley et al. 
1996). Table 1 describes the change concepts and ideas that we 
have tested to support changes to clinical processes.

Our regional VAP rate has seen a  
steady decline over the past 12 months and  
has been largely under our goal of 9.8 cases per 
1,000 ventilator-days since August 2006.

Measures and Results
The team used several measures to determine if 
changes were leading to improvement. The key 
outcome measure was the incidence of VAP 
as expressed by the number of VAPs per 1,000 
ventilator-days. The key process measures were 
the overall compliance with the VAP bundle and 
compliance with the individual bundle compo-
nents. The auditing process for measurement of 
the compliance with the VAP bundle consisted 
of bedside reviews of a minimum of 10 selected 
ventilated patients per month; this number 
needed to account for at least 10% of the total 
ventilation-days at each unit.

Our regional VAP rate (Figure 3) has seen 
a steady decline over the past 12 months and 
has been largely under our goal of 9.8 cases per 
1,000 ventilator-days since August 2006. Figure 
4 demonstrates the variation in VAP incidence 
across patient admission categories and a general 
decline in VAP incidence across all groups. 
Concurrently, a gradual improvement in regional 

compliance with the VAP bundle, largely meeting or exceeding 
our goal of 90% compliance for all components for the past 10 
months (see Figure 3), has occurred. This is inversely related to 
due reduction in our VAP rate.

Figure 5 demonstrates that VAP rates fell in both higher- and 
lower-class categories of VAP per the classification scheme of 
Figure 1. This data, though reassuring, must be interpreted with 
caution given the likely shift in utilization toward less invasive 
diagnostic techniques to gain supportive microbiological data 
over time reflecting evolving trial data (Canadian Critical Care 
Trials Group 2006).

The variability of VAP when measured monthly is well 
demonstrated in Figures 3 and 4. Recognizing this variability, 
our quality improvement teams do not typically react to what 
is perceived as normal random variation. However, whenever 
there is a signal suggestive of a special cause for a change in rates, 
the site quality committees initiate a process-based analysis in an 
attempt to isolate causes for unusual or uncontrolled variation. 
(Special cause variation is defined as a single data point beyond 
the upper or lower control limits or 99.7% probability limits 
[three standard deviations from the mean], or a run of five or 
more consecutive data points on one side of the mean.) The 
learnings from these analyses are used as teaching points for 
staff and ask the question, is there anything that can be done to 
address this special cause? 

For many of our staff, it is more intuitive to show our VAP 
data in terms of the number of cases each month or the days 
between VAP cases rather than an overall rate, primarily because 
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Figure 5. Incidence of VAP* over time by VAP diagnostic classification† 
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VAP = ventilator-associated pneumonia.
*VAP cases/1,000 ventilator-days.
†See Figure 1. VAP diagnostic classes I–IV and V and VI are grouped separately.
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of the variability of the data and the difficulty interpreting a 
number expressed as cases per 1,000 ventilator-days. More 
importantly, Figures 3 and 4 indicate that, regardless of the way 
the data are expressed, overall our VAP rates have decreased over 
time, which is our ultimate goal.

Given the achievement of our initial goal of reducing the 
incidence of VAP across all units by 25%, the team in September 
2007 reviewed its charter and reset the goal to reduce the 
incidence of VAP by another 25% by March 2008. Therefore, 
our regional goal has been reduced from 9.8 to 7.4 cases per 
1,000 ventilator-days.

The support and lessons gained from each of 
the national collaborative ventures we have been a 
part of have been invaluable.

Key Learnings and Challenges 
Support and Leadership
The VAP team is fortunate to be led and sponsored by those 
with expertise and who genuinely value the importance of 
VAP prevention. Through this commitment, these values are 
subsequently passed on to each multidisciplinary team and staff 
member. Similarly, the moral, financial and human resource 
supports from departmental and regional levels to pursue this 
initiative have been critical. The support and lessons gained 
from each of the national collaborative ventures we have been a 
part of have been invaluable. 

Multidisciplinary Participation
When appropriate, families have been involved in the audit 
process. In most cases, family members have valued the opportu-
nity to be integrated into the care process. For example, families 
often commented that they enjoyed checking the elevation of 
the head of the bed each time they entered the room and felt as 
though they were helping the staff by doing so. 

Education
Throughout the implementation of the VAP bundle, the depart-
ment has been challenged to revise and update clinical care to 
establish new care values and norms. Transmission of the impor-
tance of the VAP bundle to staff was accomplished through 
hallway huddles and brief group education sessions held within 
proximity to patient beds. The strongest correlate of staff accep-
tance of the VAP bundle seemed to be educational strategies that 
incorporated rationale in addition to process. 

Sustainable Reliable Measurement
The ability to measure our VAP rates in a sustainable fashion is 

crucial. To help accomplish this, our VAP surveillance system 
builds in efficiencies. Maintenance of internal consistency for 
the definition and classification of VAP is crucial to allow for 
reliable comparisons of performance over time without the bias 
of changing definitions. 

Local Oversight and Responsibility
It was difficult to oversee and put into action VAP-prevention 
strategies across a health region via a high-level regional team 
alone. The creation of unit-based teams charged with local VAP 
oversight and implementation was an important evolution, 
allowing quality-of-care processes to have oversight as close to 
the bedside as possible.

Persistence
The observed decreases in VAP incidence occurred only after 
many months of sustained application of  VAP-prevention strat-
egies, as reflected in our VAP bundle compliance. 

Challenges
There were two key areas of challenge during the implementa-
tion of the VAP bundle. Concerns related to the EVAC ETTs 
include that a percentage of patients have secretions too thick to 
effectively be evacuated and that the EVAC suction lines produce 
sounds that can mimic a cuff leak. As well, the radiopaque line 
within the EVAC tube is interrupted by the Murphy eye on 
the end of the ETT, thereby making the radiographic assess-
ment of exact ETT depth more challenging. Staffing levels 
in the ICU continue to pose major challenges and have been 
linked to increases in VAP (Hugonnet et al. 2007). This issue 
will continue to require specific attention by the department in 
the coming years.

Conclusion
The implementation of the VAP bundle, with the goal to apply 
it on every patient every time, has contributed to a decrease in 
VAP rates for CHR. Participation in both the Canadian ICU 
Collaborative and Safer Healthcare Now! Campaign has clearly 
been of benefit in the development and implementation of our 
change concepts, in particular the bundle concept. In our experi-
ence, keys to achieving sustained improvement include persis-
tence, oversight and responsibility placed as close to the bedside 
as possible; a sustainable and reliable VAP surveillance system; 
implementation of several change concepts as bundled inter-
ventions; and regular performance measurement, feedback and 
action to drive improvement. Next steps are to hold and extend 
our gains in our ICUs and to spread VAP prevention to other 
areas, including the Cardiovascular ICU. We also look forward 
to continued participation with national collaboratives.   
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